Accurate body fat (BF) evaluation is an important objective of nutritional assessment of older people (1). However, commonly used methods for assessing body composition such as underwater weighing and air displacement are not suitable for daily practice and may be not appropriate for older people who are not able to cope with these procedures (1, 2).
Body composition measurement
Percent of BF was evaluated by a trained technician, in DXA equipment (Hologic QDR-4500®) (%BF-DXA). Simultaneously, ST measurement was carried out with a Harpenden calliper (precision of 0.2 mm) using triceps, biceps, subscapular and iliac crest sites, along the right body side and measurement were repeated three consecutive times, according to the International Standards for Anthropometric Assessment recommendations (24) . Both the calliper and the DXA were previously calibrated.
Body density was calculated from ST using Visser et al. equation (2) : BD (kg/m 3 ) = 1.0668 + 0.0212 x sex -0.0356 log 10 (triceps + biceps + subscapular + iliac crest) (sex, 0 for women, 1 for men, skinfolds thickness in mm), and converted to %BF with both Siri (%BF-Siri) and Brozek (%BF-Brozek) equations. As prediction formulas for directly converting skinfold measurement to %BF are only available for younger olders (5) or non-Caucasian olders (6, 7), Visser et al. equation was used as it was developed in a population of older individuals (n = 204, aged 60-87 years old) to transform ST measurement in BD. Internal cross validation and external validation revealed that this was a valid equation for estimation of BD in older subjects (2) .
Height and body mass were collected according to standard procedures (24) . Height (m) was measured with the individuals barefoot, using a stadiometer (Seca 708) of 0.01 m precision. Body mass (kg) was measured by a scale incorporated in the DXA equipment with precision of 0.1 kg with individuals barefoot and wearing light clothes. BMI was calculated using the standard formula: [mass (kg)/height 2 (m)].
Other data
Information regarding gender, date of birth, academic qualifications and exercise practice was collected for the overall description of the sample.
Data analysis
Estimation of %BF from ST converted to %BF-Siri and %BF-Brozek, was compared to %BF-DXA. According to gender and age, %BF-DXA mean values were compared to reference values from Coin et al. (25) .
In order to determine if both age and BMI have impact on differences between the standard and the equations used, the discrepancy between %BF-DXA and %BF-Siri and between %BF-DXA and %BF-Brozek was stratified by age and BMI classes. Subjects were grouped in two age classes: <70 and ≥70 years old and three BMI classes, according to the current World Health Organization standards (26): normal weight (18.5-24.9 kg/m 2 ), pre-obese (25.0-29.9 kg/m 2 ) and obese group (30.0-34.9 kg/m 2 ). Differences of %BF value between DXA and both %BF-Siri and %BF-Brozek estimations were also stratified for values less and ≥30% and gender. Because this stratification resulted in very small numbers in some strata, the < 30% BF group was composed of 1 woman and the ≥ 30% BF of 3 men, differences were not analysed.
Frequencies were calculated to describe categorical variables. Means and standard deviation (SD) were computed for the quantitative and continuum variables. The Normal distribution of the variables was tested using the Kolmogorov Smirnov test. Association between %BF-DXA and %BF-Siri and between %BF-DXA and %BF-Brozek was evaluated by Spearman's correlation coefficients (r). Differences between %BF-DXA and both %BF-Siri and %BF-Brozek were evaluated using Wilcoxon Signed Ranks test. Differences between age and BMI groups were evaluated by Independent Samples t test or One Way Anova test.
The visual agreement between %BF-DXA and both %BF-Siri and %BF-Brozek was evaluated assessing the Bland and Altman plots (27) . Limits of agreement were calculated as mean of the difference -2SD and mean of the difference + 2SD.
Results were considered significant when p<0.05. All statistical analyses were carried out using the Software Package for Social Sciences (SPSS) for Windows, version 14.0 (SPPS Inc. Chicago, Il, USA).
Results
The baseline characteristics of our sample are summarized in Table 1 . The educational level is low as only 40% participants completed ≥ 5 school years. The majority of the sample participated in a physical activity programme 2-3 days/week (77.1% of women and 72.0% of men) and the others ≥ 4 days/week. 
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Considering %BF-DXA, 19 women (54.3%) and 18 men (72.0%), were within %BF age and gender specific reference values (25) . A higher proportion was above (28.6% women and 16.0% men) than below (17.1% women and 12.0% men) these %BF reference values.
A strong correlation between the %BF-DXA value and %BF-Siri (r = 0.91, p<0.001) and %BF-Brozek (r = 0.91, p<0.001) was found. Despite these good correlations, %BF-Siri and %BF-Brozek overestimated %BF-DXA for both men and women (p<0.001) ( Table 1 ). The results have also shown significant disparities between %BF-Siri and %BF-Brozek (p<0.001) ( Table 1 ) despite its excellent agreement (r = 1.0, p<0.001).
The %BF-Brozek reflects a better agreement with %BF-DXA than the %BF-Siri, with respectively a mean difference of -4.0%BF (limits of agreement = -10.9 to 2.9%) against -5.7%BF (-12.6 to 1.2). Considering the mean difference between these differences [(%BF-DXA -%BF-Siri) minus (%BF-DXA -%BF-Brozek)], the %BF-Brozek was 1.7% (SD: 0.5%), closer to the %BF-DXA evaluation for the overall sample. When stratified by gender, we found this mean difference was equal to 2.1% (SD: 0.2%) for the women and to 1.1% (SD: 0.1%) for the men.
After stratifying by age and BMI (Table 2) , differences between %BF-DXA and from prediction equations remain higher for %BF-Siri than for %BF-Brozek. In regards to the age groups, these mean differences were slightly higher in both men and women aged 70 and older than in those younger than 70, but they did not reach statistical significance. With respect to BMI, significant differences were found between the normal, pre-obese and obese women (p<0.001 for %BF-Brozek and p=0.001 for %BF-Siri versus %BF-DXA) and differences were superior for men and women with a BMI between 18.5 and 24.9 kg/m 2 than for pre-obese or obese. As these results are based on small numbers, their interpretation deserves further caution. and despite the high limits of agreement for both pairs, the %BF-Brozek reflects a better agreement than the %BF-Siri.
Discussion
The goal of the present study was to determine which equation Siri or Brozek, provides a more accurate conversion of BD in %BF in older people, using DXA as the standard method.
The correlation found between the %BF assessed by DXA and calculated from ST and the prediction equations was within the range described in the literature for the correlation between ST and %BF (r = 0.7-0.9) (14) . Despite the strong correlation found, our results shown that %BF-Siri and %BF-Brozek overestimated %BF-DXA in older adults. However, our differences were smaller than those previously reported by Bemben et al. (15) who found a discrepancy between underwater weighing and anthropometric measures of 7.5 to 9.5% in a group of 40 elderly subjects aged 60-74 years. On the other hand, Kensara et al. concluded that the %BF estimated from ST was not significantly different from DXA evaluation (28) in a sample of 32 men aged 64-72 years.
Despite the significant differences, our results showed that the %BF-Brozek provides a better approximation to %BF-DXA compared to %BF-Siri approach. The results are also confirmed by the Bland and Altman plots. In fact, %BF-Brozek provides an improvement of 1.7% (SD: 0.5%) in the accuracy of BD conversion in %BF for the overall sample. Moreover, our data demonstrated that this improvement in %BF estimation was higher for women, 2.1% (SD: 0.2%) than for men, 1.1% (SD: 0.1%). Accordingly, the suggestion of a bias in the prediction of density that leads to a systematic error in the estimation of body fat in older subjects is more likely to have practical significance in women than men (29) . In fact, the fat-free mass chemical composition changes with age in females, due to the loss of minerals is considerably higher than the decrease in protein and water (17) and those considerations are supported by our results.
Considering our significant differences between %BF evaluated by DXA and calculated from ST and body composition prediction equations it is likely that the observed differences might result, at least partially, from the use of the Visser et al. equation to calculate BD (2) . Nevertheless, the differences between underwater weighing, used to obtain the Siri and Brozek equations, and DXA, the reference method that operates with the three compartment model, are the strongest concurrent underlying reasons for our findings.
Finally and central to the considerations of this discussion many influences might be considered, as for example: the aging process, namely the chemical composition changes, such as total body water; shifts in intracellular and extracellular water; the proportion of potassium in lean tissue and the decreases in the mineral content (15) , which affect the assumptions of the two compartment model. In the %BF determination from ST, it is assumed that there is a fixed relationship between subcutaneous adipose tissue and deep adipose tissue (14) . However, age differences have already been observed in the relations between subcutaneous adipose tissue and deep adipose tissue (30) , as older individuals have relatively more fat accumulated internally (31) . The significant differences found in %BF estimates between the DXA and the prediction equations used may question the accuracy of both Siri and Brozek equations on conversion of BD to %BF estimation in older people. However, the lack of studies concerning the body composition evaluation in older adults from ST measurement does not allow us to reach a conclusion in regards to this issue. Given that the ST technique is a relevant method to estimate body fat of older people (4) and is dependent on equations to transform BD to %BF, its study is of great importance.
Our sample was composed of well-functioning communitydwelling individuals and is not representative of all older adults. So, care should be taken in extrapolating those results to very old and weak individuals, or less physically active populations, and to subjects with significantly different %BF and ages.
In summary, the results of the present study show that the use of Brozek equation may correspond to a better alternative than Siri equation for the conversion of BD in %BF from ST measurement in older adults.
